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EXECUTIVE SUMURY

Instead of developing totally new systems to meet future

needs, the upgrading of existing systems has received increased

emphasis as an alternate approach.

Based upon an actual non-major Army air-to-ground rocket

project history, this report addresses a number of management

problems that confronted a project manager who was attempting

to gain reccgnition of the potential of an upgraded version

of his system as a viable alternative to a replacement air-to-

ground rocket system which was being pursued in the develop-

ment laboratories.

Significant areas impacting on the acceptance of an

upgraded system instead of a new system were defined as;

user impression/perceptions of the existing system, system

reputation, requirements determination, requirements documenta-

tion, advocacy of the project manager, and systems analysis

methodology.

The report proceeds with discussion of how the project

manager addressed each area. The discussions show how these

areas take on significant and sometimes subtle differences

aid implications just because the. system is oeing upgraded

rinstead of being a new system. in this particular case, the

Army's Cost and Operational Effectiveness Analysis policy,

acting as a checkpoint in the LcquisitiX, cyclebecame the

major influc-neng factor i... th docizin making process.

i IC-



The report concludes that, although Army policy cites evolu-

tionary development as a preferred method of acquisition,

once a new replacement system had been defined, acceptance

of an upgraded version of the existing system was only

achieved through the requirements set forth by the COEA

regulations. The COEA provides a final opportunity for any

competing alternate system (especially an upgraded system)

to be evaluated before a final commitment is made within the

Army.
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SECTION I

!NTRODU(CTION

I.

* The past several years have been a period of continuing

li - effort on the part of Congress, Department of Defease, and

industry in examining the causes of problems in the acquisi-

tion of DOD systems. These problems are reflected in

escalating costs, slippages in development and deployment

schedules and in fulfilling performance capabilities. Numerous

new policies and management techniques have beer, proposed and

in many cases put into effect.

These efforts have sparked a renewed interest in pro-

totyping of hardware and a return'to a "fly before buy"

concept. This is intended to prevent over-sopistication in

hardware and to facilitate the production of systems at 7

acceptable cost.

As part of the overall process to improve the efficiency,

effectiveness and potentcy of the acquisition process, addi-

tional emphasis is being put upon prolonging the usable life

of existing systems; upgrading systems to meet current and

projected needs and shifting the role of existing systems to

extend their usability. Basic DOD policy calls for considera-

tion of using existing systems.

-'. In the plan for evaluating system alternatives,
consideration is to be given to all approaches that
appear to be technically feasible, operationally
practical and economically affordable (i.e., includes
modifying existing defense systems (or variants) under

4



development by other DOD components, developing a
new system, or employing a foreign-developed system) ( 5:3 ).*

The premise that existing or modified systems can sat-

isfy our future needs has been expounded in the halls of

Congreso. The current most volatile issue of this nature

concerns the utility of the Air Force's existing B-52

bomber vs development of the supersonic B-1 bomber.

It appears that the issue of upgrading existing system

versus initiating new system development will continue to

receive high visibility.

PURPOSE

The purpose of this report is to focus attention on some

of the issues which facedan Army Project Mana,-er of a non-

major system in attempting to gain acceptance of the fact that

future requirements can be satisfied via upgrading an exist-

ing system and see how he confronted them.

It will be shown in at least this particular case that

the Army's Cost and Operational Effectiveness Analysis (COEA)

requirement, prior to full-scale development, was *n efLective

avenue and checkpoint in the acquisition process to gain

recognition that an upgraded system can satisfy requirements

for the future.

SPECIFIC GOALS

By using an actual case history of a program which

the author was associated, this report will show that a project

manager trying to gain acceptance of an upgraded system
*This nolttl'r will !i, used throughout the report for sources of
quotations 'rid major ferences. The first number is the source
listed in tht. biblio -raphy. The second number is the page in
the reference.



encounters difficulties that he %ould not have encountered if

he was promoting a new system. By using this case history

approach to highlight some of the unique problems, thIs report

will eztoblish that the decision-making process, in order to

select the bast approach, must be supportpd by systems analysis

that correctly identifies the "total" system and not a sub-

optimized subsystem.

The value of the Army's Cost and Operational Effective-

ness Analysis will be demonstrated via this case as an effect-

ive means withir the acquisition process of achieving visi-

bility for the potential of an upgraded system as compared

to a new system.

~3



SECTION II

CASE DEVELOPMENT

Background

During the conflict in Southeast Asia the need arose to

provide Army Aviation with inci-ased firepower and capability.

The capability had to be achieved rapidly.

To satisfy this requirement, it was determined that a

Korean War vintage air-to-air free-flight rocket could readily

be adapted to Army helicopters in an air-to-ground role.

As use of this project managed rocket expanded, demands

Zor the rocket also increased precipitating the establish.ent

;: f a large production base. In conjunction with this expanded

use and production, the project manager pursued a course of

product improvement of the system in response to the aviation

community's needs. Improvements of warheads, fuzing, motors

and launchers were made.

Thus there was a resurrection of a system and the initiation

of a growth and evolutionary process.

Transition to Research and Development

System evolution and growth through product improvement

programs is basically a short-range view point aimed primarily

at resolving existing operational needs. Funding for such

S"" improvement programs is closely linked with production.

Long-range planning and development however drives the

program into the research and development phases of the



of the acquisition cycle. This is precisely what transpired.

An obsolete system was called upon to meet an operational

need; it was put into mass production and then strode into

the relm of research and development.

Prudent development of a tried and proven air-to,.ground

*free-flight rocket appeared to be a course that would be

desirable. However this was far from reality. When an exist-

' ing system attempts to enter the advanced or engineering

devel,,pment phases of the acquisition cycle it must be proven

that this is the correct step.

The problems, difficulties and issues that arise in

attempting to convince all participants of the system acquisi-

tion cycle that an already fielded system has sufficient

growth to meet tomorrow's requirement are overwheling.

John S. Foster, former Director, Defense Research &

* Engineering, OSD addressed the dilemma:

One of the most critical problems we face is
making the decision to initiate orderly develop.-
ment of s weapon system.

....The decision rests in questions that are
complex. These questions involve the character and
timing of present and possible military threats
with which we may have to cope. Such threats are
developed in secrecy and often revealed to us only
at late stages. The question involves the extent
to which we believe these future threats can be
countered by our present weapon systems, and how
effective the proposed new system might be.

This involves the difficult projection of
confidence in technologies proposed for the future
system. (7 :239)
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SECTION III

ISSUES CONFRONTING TILE PROJECT MA1AGER

This section establishes particular issues that were

faced by the project manager as he proceeded with the task of

attempting to achieve acceptance of upgrading his existing

system. These issues are by no means the only ones that

had to be faced. They were issues that were of continuing

influence, thus requiring almost constant attention and

concern.

User's Impression/Perceptions

Within the Army acquisition process the user (combat

developer) has the primary role in defining future require-

ments. The material developer responds to the needs of the

user. Without user concurrence it is very unlikely that a

program would not proceed very far through the acquisition

cycle. This is even more true for non-major programs. Such

programs are funded after the major priority programs. There

is very little if any at all "top-down" pressure pushing them.

Thus the user must be an active supporter. His support must be

cultivated and preserved.

Stigma of Age

A fielded system is one that generates proponents as well

as opponents. The perception of the systems merits and

potential is invariably bound to attitudes and values. In

a decade, or more likely a generation,of rapid technological



strides, the perception of being a warmed-over relic is a

sig iificant obstacle that demands recognition.

The question inevitably is asked; "how can such an old

system (i.e. Korean War vintage) be suitable in the late 1980's?"

The individual who will eventually be'using the system demands

to have the most modern equipment possible. This is not unique

in the world of weapons; it is an American characteristic;

i.e., strive for the most up-to-date model possible. There

are constant and tremendous forces calling for modernization.

Vice Admiral Hyman G. Rickover, U.S. Navy, Director,

Naval Nuclear Propulsion Program addressed this in 1971

testimony:

.If the investment for our future needs is
not met now, there may be no future.

...In the Vietnam war, we have managed to
sustain ourselves by using up a great deal of
material, drawing down our reserve stocks, wearing
out much equipment...

...It seems clear to me that, considering
recent history, it is dangerous to proceed into
he future with our strength declining while that
of our potential enemies is increasing. (13:340)

It (development sk"ategy) encourages the
services to include in a basic new weapon system
all the improvements in various components that
have been developed sinie the last system...
This not only results in loading down major systems...
but also militates against having the option
available of making incremental improvements in
old systems rather than starting all over again.
(13:6)
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This is the crux of ths problem. The rocket system that

exists today and that which is planr.ed for the future -s a

far, far cry from the day it aas first flown in Vietnam.

Yet it is still perceived as it was when it was first issud.

True, the name is the same and the overall basic configuration

is relatively unchanged, however, th~e capabilities and per-

formance levels are drastically better.

Those who are in Army aviation have seen radical changes

in the appearance, names and performance of their aircraft,

as well as the introduction of guided missiles for point

targets.

Thus the rocket system is immersed in an environment

of visible change and is plagued with the perception of

being outdated. This perception regardless of its foundation

has been a hurdle which must constantly be ;Aidressed as the

system bids for a role in tomorrow's arsenal.

On the other hand, any proposal for a new free-flight

rocket system does not have to overcome this hurdle. It

is fresh from the laboratory - laboratories that have delivered

the latest in air-to-ground missiles. Wouldn't the new ine

have a much longer life than an upgraded old system?

System Reputation

A system's reputation is a main contributor to how it

is perceived. A project manager is always concerned with the

reputation of his system. Reputation can make or very easily

8
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break a system. A very fragile yet enduring commodity is

reputation. In an instant it can be created and a life time

can be spent explaining it.

When the rocket system was introduced again into active

service no one ever imagined that it would be looking for a

future in the 1980's and 1990's.

As rockets were used at ever-increasing rates a repu-

tation began to emerge. There were those reputations that were

positive such as being known for being able to deliver high

firepower and for effective area neutralization. Then there

were the reputations that decried that rockets are inaccurate

i.e.,they cannot hit the broad side of a barn. With the

passage of time, rockets became to be known to be effective

only at short ranges of approximately 2000 meters.

As with any reputation there is little if any question-

ing of the validity of broad generalized statements. Regard-

less of how often they may be explained there is always some-

one who will never let erroneous matters die. Take the two

points accuracy and range mentioned above for example.

First, the rocket system is an area suppression/neutralization

weapon never designed to have a single-shot capability against

point targets, When inaccuracies are discussed never is it

portrayed in terms of necessary flight profiles needed to

assure a proper flight trajectory. Like any ballistic item,

a free-flight rocket goes wnere you point it. It is sensitive

9



to the angle of fire. That is why rifles have adjustable

sights and artillery pieces are precisely set. Now just con-

sider the impact of a vibrating helicopter as a firing platform

and you can imagine what might happen.

Regarding range limitations, the Vietnam scenario for

attack helicopters was to begin a delivery attack at

approximately 2500 meters. Thus pilot training and manuals

depicted such a delivery mode. There was really no training

to fire at ranges of 5000 meters which was possible because

there was n(, need. How can you untrain those pilots? It

is to be expected that they would be skeptical when told that

the system they once flew can easily meet the future needs

of 4000 and 5000 meters. All his training and experience

have set in his mind a reputation which as far as he is

concerned is factual.

Impressions and reputations became an additional hurdle

for upgrading a system.

New systems on the other hand do not have such hurdles.

In fact, new systems capitalize upon the user's impression

and negative reputation of an existing system to generate

support for themselves.

REQUIREIENTS

Requirement Determination

Requirements determination, a specific part of the

systems acqtuLsition planning process, deals with the

10



iVentification of operational requirements for new weapon

* systems. It is considered by many experts to be the most

critical problem faced by OSD. John Malloy, Director of

Procurement, OSD, testified that "the major problem in pro-

curement of complex weapons systems is that of adequately

defining the requirement." ( 7t15)

With the sixties and seventies came the emergence

of the buildup of the Soviet armor forces. In response,

requirements focused on the armor threat. This threat

spawned an era of weapons such as TOW, DRAGON, HELFIRE

and CLGP all dedicated to defeating individual point targets.

Scenarios were structured, war games generated, all

4focusing on the very real and dominant armor threat. I
L am by no means implying that the threat is not valid or that

the cited weapons are not required. My point is that it is

extremely difficult in such an environment to talk in specific

terms of area neutralization weapons.

I must offer a reminder that I am talking in the realm

of Army aviation. Other areas may very well have an excellent

grasp on their needs regarding area suppression weapons.

Army Aviation however generally accepted that area suppression

. weapon systems are needed but quantification is another matter.

To proceed into the development of an upgraded rocket

system it is essential that the requirement be determined in

terms of means to satisfy the requirements.

ii



I
The concept tiat requirements can be written

as a statement of need that is independent of the
means to satisfy The need is unsound. It leads to
requirements being stated either in terms of rigid,
immutable desires or in terms of things, not
capabilities. The result has been inflexible require-

ment statements that make no provision for changes
in threat, tecnology, or tactics; inhibit initiative
and imagination in development; and often result
in costly contract changes and overruns. ( 3:4)

A new system has much more flexibility in that it can

develop a requirement in terms of surpassing the existing

system rather than the upgraded version of the existing

system. In this manner the existing system never is justly

evaluated. A draft Required Operational Capability (ROC)

for a new rocket system was generated. Its main feature

was that the new system was to replace the existing system

because the existing system did not have the range or

accuracy required for future battlefields. It used as a

baseline the existing rocket as opposed to the upgraded

version of the existing system.

However, evolutionary development is the stated preference

by the Army:

The Army's materiel needs are generally
satisfied through three methods--buying equip-
ment already developed (commercial--domestic or
foreign; military--other Services or allies),
evolutionary development of current standard equip-
ment, or initiation of a new materiel development
program. The preferred method to correct inade-
quacies in already developed systems is to exploi+
the performance growth potential inherent in those
systems. ;iateriel system design will emphasize
simpl.city, austerity, and supportability, with
planned growth potential to accommodate anticipated

12



future needs when the additional cost for such
growth potential can be justified. The Army must
plan for evolutionary development over the entire
life cycle of a system. Combat and materiel develop- j
ers will assure the timely, cost-effective exploita-
tion of unrealized growth potential of materiel
systems to satisfy the Army's materiel needs.

The way in which the requirement for a new system was d

stated did not recognize the growth potential within the

existing system. Thus the project manager of the existing

system was confronted with a requirement which was formulated

by the user and laboratories,which implied that the

existing system could not satisfy the operational needs.

RequirementQ Documentation

In order for a project to proceed into development it

must be supported by an approved requirements document.

This is essential. However, it can becom, a nightmare when

a system is attempting to be upgraded. I am only referring

to a non-major system which puts a slightly different light

on the process. The non-major program usually does not receive

priority pressures. The guidance for the upgrading process

was that each facet that was planned to be improved would

have its own independent requirements document. In this

particular case, a family of warheads was being proposed

to upgrade the system. Rather than structure an improved

system document, each warhead was broken out separately and

had to go through the same process as if it were an independent

system.

13
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The rationale was that a possible replacement system Nas

being pursued so rather than commit totally tc upgrading the

existing system or jump into a totally new free-flight rocket

system, an incremental approach was decided upon. This would

allow for funding of those areas within the existing system

that could be readily transferred to the new system should

tnese areas prove to have merit.

This was a prudent and cautious approach. It allowed

for examination of each system. However, it put upon the

existing system a large administrative burden of multiple

requirement documents whereas the proposed new system was

operating under an overall system draft requirement document.

The project manager was faced with determining which

would be the best strategy for these dccuments. Should they

be structured as Letters of Agreement (LOA's) or Required

Operational Capability (ROC) documents. Since all of the

upgrading efforts drew extensively from an existing technology

base the distinction between advanced development supported

by an LOA or full scale development supported by a ROC

would be difficult.

In addition,with separate documentation, the loss

of a system perspective throughout the organizational structure

of the Army was a matter of concern to the program offIce.

ADVOCACY

"It has been said that a man's career can rise or fall

depending upon his ability to sell his project." (12,4l)

j4



Program managers have been known to say:

The program manager's main job is to make the
program look good. I don't mean to fake it. I
mean to be on top of the program, to anticipate
what the boss expects, what the budget pecple
expect, what OSD expects, and even what Congress
expects. The image of an energetic, capable program
is a great asset in recruiting the people you want
in the program office, and in obtaining the right
kind of support from functional organizations.
The morale and succ?ss of the prograt off iJe staff
are largely a reflection of that image. t. good
image results in cooperation and a bad image
results in struggling all thL timt to get what
you need. The program manager has to be the
outside man -- the salesman, if you wish to
call him that --. (4:44)

eisAdvocacy is a fact of life for a project manager.

He is expected to be an avid supporter of his project.

However, there is a subtle difference in how advocacy is

perceived. This perception is closely related to the phase

of the acquisition cycle in which the project exists.

Advocacy is usually associated with the introduction

of a new project.

Systems advocacy in the early phases of acquisition is

generally recognized and defended within the services. The

Services consider the new project office as a resource which

is alert to technological advancement possibilities which

will be presented to the decision makers. The permeating

underlying assumption is that technology development is the

vehicle through %hich our national security interests and

security will be maintained.

15



"The whole point of the development process is to get

something that we haven't got, something that we have never

seen, and something that we don't really know can be produced."

(7 :2493).

The emp'iasis on developing all elements of a system as

part of a single development project encourages the services

to include in a new system all the improvements in various

components that have been developed since the last system.

On the other hand, when a system has already been

deployed and could possibly be phased out a project manager's

advocacy is equated with defending the project from obliteration.

"How are you going to deal with a project manager who is in a

position of having to defend a project... (doesn't) he become

the advocate of the project?" (8 :195)

There is a natural tendency to equate such advoc v with

self-preservation His objectivity and that of those around

him is questioned.

To draw an analogy, consider how you would feel regarding

the enthusiasm of a salesman trying to sell you a new car

as opposed to an enthusiastic used car salesman. Would

you not be more cautious of the used car salesman?

A project manager must recognise that his advocacy will

be perceived very differently just because his program is not

a new program.

He is faced with a very serious problem of structuring

and projection of his advocacy ano enthusiasm.

16



Advocacy is an issue which by itself can destroy any

consideration of upgrading a system to meet future needs and

this musit be recognized by the project manager. There has

been and will in all likelihood continue to prevail an overall

feeling that project managers are overly concerned with the

packaging and appeal of their project.

SYSTEMS ANALYSIS

When you come right down to the heart of the acquisition

process you a'e really concerned with the decision making

process. Every system whether it be a new one or an existing

one trying to satisfy a future need is actively seeking that

statement of approval.

So far the issues raised have been concerned with the

nonquantative subjective nature of a program manager's

environment. Although such topics influence the decision

making process, decisions are to be made upon objective

criteria.

With the development of computer technology and quantatative

analytical techniques the value of system analysis has risen

to a dominant position. Analytical information developed

through simulation is the main stay of the objective aspect

of the decision making process.

For the case situation around which these discussions

center, system analysis became the most crutajal factor to

be faced by the project manager.

17



He found himself in a position of constantly defending

th! performance of his system. Generally the controversy

was divided into two major areas. These areas were accuracy*

and effectiveness. (*Accuracy is measured in milliradians

of dispersion around the aim point).

Proponents of the new rocket system were basing their

development effort on the basis that the existing system did

not have sufficient accuracy to satisfy the long range require-

ment of future battlefields. A primary objective of their

development programs was to significantly reduce the ballistic

dispersion of the rocket thereby improving its accuracy. The

development program was able to show that the new rocket

did indeed achieve a ballistic dispersion that was markedly

less than that of the existing system.

From an effectiveness point of view tV, new rocket was

able to develop a larger lethal area than the existing rocket.

This was primarily due to the fact that the new rocket was

almost twice as large as the existing one.

With these parameters (accuracy and effectiveness) in

hand, a system analysis would be applied.

Basically, the analysis would: (a) assume the target,

(b) assume the range to the target from the aircraft,

(c) fire a rocket, (d) apply the rocket's ballistic dispersion,

(e) predict the number of rockets required to achieve a parti-

cular level of casialty. This type of analysis was applied
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to both the existing and propcsed new rocket system. The

.1 results of such an analysis showed that the new system required

far less rockets to achieve a particular level of effective-

ness than that required with the existing system.

The new rocket system appeared to be the way for the

future. The problem was however that the analysis was a

'allistic analysis not a weapon system analysis. The weapon

system includes the pilot, the aircraft and then the rocket

system.

The project manager considered the analysis to be a

suboptimization rather than an accurate portrayal of either

the existing or new system. He was thus confronted with the

major issue of getting the analytical community to use a

reasonable methodology.

The project manager was of the opinion that a systems

analysis which reasonably represented the entire aircraft/

weapon system would show that a very accurate rocket was not

compatible with a helicopter launch platform.

Critics of the acquisition process have been taking a

hard look at performance requirements especially in today's

environment of high unit costs.

"Over the years there has been increasing criticism of

the DOD weapon system acquisition process because critics

believe that most if not all, systems were overly sophisticated

and designed to performance requirements that were not needed,"

(6 :6)
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Thus the project manager of the existing system

was confronted with the analysis methodology which he believed

to be inappropriate for helicopter launched air-to-ground

free-flight rockets. Yet this type of analysis was being

used in the decision-making process.

a 2
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SECTION IV

PROJECT MANAGER CONFRONTING THE ISSUES

The previous chapter brought into focus a number of issues

that confronted a project manage:7 who was attempting to

demonstrate that an existing system if upgraded can satisfy

the future requirements for air-to-ground rockets. The issues

presented were not intended to be all inclusive. They were

selected because of their persistance and impact.

Each had to be addressed and resolved if there was to

be any hope of continuing with an upgraded system. This

section takes those issues and shows how the project manager

confronted them.

User Impression/Reception

Stigma of Age

How does a program respond to combat developers who ask

why would an old system when upgraded be capable of meeting

future requirements ?

Since the rocket had undergone a number of product

improvements in the areas of warheads, fuzing, motors, and

launchers, it was a far better product An it was when it

was first adopted for helicopter use. Therefore,the initial

endeavor was to attempt to ascertain why the user still

considered the rocket system to be an antique.

In a rather short period of time, primarily through

meetings, conferences and discussions with the various elements
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of thv user community a pattern began to emerge As to why
the rocket was still regarded as an outdated product.

Within the structure of the combat developer the underly-

ing basis for the opinions was predominantly traceable to

the actual Vietnam experiences that the now senior officers

had when using the rockets. The majority of these officers

were exposed to the rocket during its early introductory

phases. They were well aware of the shortcomings of that

system.

In many instances these officers were involved in

pushing for the various product improvement progr- ;ms.

However they tended to view the previous product improvements

programs as an upgrading of the system just to make it compatible

with L helicopter air-to-ground environment without really

changing the basic characteristics of the system.

In an overview sense, they were correct. However they

tended to regard the proposed upgrading plans in the same

light. This was a gross oversimplification and incorrect.

The proposed program was dominated by major advances in

warhead technology. Warhead technology that used the basic

characteristics of tne rocket to improve the performance and

.- capability of the entire aircraft weapon system.

Thus the situation became one of not only developing a

dialogue with the user but one of developing the correct

dialogue. A dialogue which portrayed the proposed upgrading
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in terms of specific warhead technological advancement as

opposed to a general overview. This became an extremely

important approach because the proposed replacement of the

existing system was using the basiG warhead technology

that existed in the current system. Their (the proposed new

system) approach was to apply motor technology to reduce

ballistic dispersion. This coupled with a larger size was

p:esumed to be the best approach.

The natural question is to ask why not develop a rocket

system that combines both the warhead and motor technology.

This will be addressed in the following sections of "Advocacy"

and "Systems Analysis."

It was recognized that past experience was not the only

reason why the user community maintained his image of antiquity

about the existing system. Careful consideration was given

to defining the information sources which the user relied

upon for his input. Not surprisingly the sources were defined

as particular in-house R&D laboratories and contractors ad-

vocating replacing the current rocket system with their more

"accurate" and larger rocket system. They were basing their

comment on the systems analysis cited in the pre.ious section.

Note: It must be remembered that at this point the program

office was just trying to make the transition from its primary
t."

production responsibility with its associated communication

channels to a research and development mode of operation with
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its channels of communication. Consequently neither the

development labs or contractors were really familiar with
ihe project office's concern over the analytical methodology.

Each had a well established channel of communication with

the combat developer at all levels. Of course, on the material

developing side of the house the labs also had well established

communications and a credible reputation.

It was soon realized that the "stigma of age" was being

perpetuated by the laboratories and contractors because they

were utilizing very old technical aata of the xisting rocket

system. In fact it was discovered that revised data had not

yet been published and that it would be a considerable time

before the data was published through the standard system.

To reduce or hopefully eliminate the continuance of being

considered an± antique the motivating factors of both industry

and the in-house labs were considered.

Part of the problem has been recognized for quite a

while.

In the absence of a highly developed arsenal
system, the leading contractors represent the back-
bone of the scientific, engineering, and manu-
facturing capability to design and produce weapon
systems and the Government becomes locked-in or
dependent upon them. Thus a symbiotic relation-
ship develops where the defense industry becomes
dependent on military orders and the defense estab-.
lishment primarily looks to these companies for the
development of its new weapon systems. (9 :247)

The main motivation, overwhelming everything
else, is survival, and in an environment as turbulent
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as defense contracting was during the 1960's,

what you need to do to maximize your changes of
surviving is quite different from close cost control
on individual contracts.

I The sine qua non of survival for major system
suppliers is winning new development contract
awards. (13:134-135)

The approach taken by the program office was to very

deliberately develop lines of communication within the user

and material de'veJz per research and development community

as well as with contractors interested in air-to-ground

rocketry.

A policy of rapid and accurate responsiveness was

established. Within the program office specific individuals

were designated as responsible for particular development

efforts. They were to be held responsible for assuring

that the current and accirate data was disseminated.

The project manager wis well aware that the decision

as to which system would see the future was not his. His

objective was to do everything possible to assure that the

decision makers received the most credible information possible
and that he was getting the data he needed r, garding the

proposed new system to properly comment upon and challenge.

Systems Reputation

KRecognizing that the range and accuracy reputation of the
-rocket system were --rime drivers behind the user's desire

for P new system and reluctance to accept the upgrading

approach, the project manager concluded that the user
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had to play a major part in correcting these misconceptions.

To begin with it had to be shown conclusively that when one

talked rocket system performance one was actually adressing

the total aircraft and rocket weapon system. In this regard

the project manager was confident that the iccuracy reputation

attributed to his rocket was greatly influenced by parts of

the total aircraft weapon system over which he had no formal

control.

When the rocket was pressed into service, the data base

describing the accuracy of the rocket when launched from a

helicopter was essentially nonexistent.

Without a sc¢und data base the project manager could not

support any position he might take nor could he refute the

user's claims and most significantly he could not assess any

proposed developments with confidence.

As a result a program which heavily involved the user

and analytical community to establish an error budget for the
complete aircraft weapon system was formulated. The program

was known as the Baseline Accuracy Test.

The Baseline Accuracy Test defined the system in terms

of range to target, pilot range estimation errors, aircraft

flight attitudes, interface between the aircraft and weapon,

influence of weapon launch on aircraft a14 Atude for successive

launches, rocket trajectory and relative wind.
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Table I is an example of the type of data that was develop-

ed by the Baseline Accuracy Test.

The results showed that pilot range estimation error was

the major source of total system inaccuracies. Incorrect

range estimation errors resulted in the pilot assuming the

wrong launch attitude producing significant miss errors. On

the average a pilot's range estimation error was - 20%.

Even without range estimation errors rocket dispersion

errors were shown not to be a dominating factor in the error

source (Table II).

In addition to improving the rocket system reputation

this program had a number of other major outcomes. First,

it provided a basis for correcting the improper reputation

attributed to the rocket. Second it provides a basis for

significantly improving the analytical met.odology used in

system analysis. Third, it was an important factor in

supporting a requirement to develop an on-board fire control system

(Fig 1) "to integrate existing and follow-on aerial rocket and gun

projectile ballistic data with the aerodynamic efforts of the

launch environment and range to target." (15: 1 ) Fourth,

it went a long way in establishing the credibility of the

project office in the research and development community.

With the Baseline Accuracy Test behind him the project

manager was ready to confront the next major detrimental

reputation of the rocket. Tnat reputation was that the rocket
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Range Deflection
Sigma Sigma(X mils) (mils)

(1) Aircraft Velocity .19 0

(2) Aircraft Altitude above Target 1.13 0

(3) Helicopter Pitch Angle
(Relative Wind) 1.93 0

(4) Helicopter Pitch Rate .13 0

(5) Helicopter Yaw Rate 0 .55

(6) Launcher Pitch Angle .26 0

(7) Launcher Pitch Rate .90 0

(8) Total Pitch Rate
(Helicopter & Launcher)

Actual .90 0
Gross 1.0 0

(9) Launcher Max Pitch Diff
Actual .16 0
Gross .19 0

(10) Launcher Max Pitch Rate Diff
Actual .17 0
Gross .45 0

(11) Launcher Yaw Angle 0 .29

(12) Launcher Yaw Rate 0 1.10

(13) Tot-,l Yaw Rate
(Helicopter & Launcher)

Actu-l 0 1.59
Gross 0 1.71I!

(14) Launcher Max Yaw Diff
Actual 0 .27
Gross 0 .29

'(15) Launcher Max Yaw Rate Diff
Actual 0 .49
Gross 0 1.00

(16) Helicopter Relative Wind (Yaw) .03 10.88

(17) Dive or Climb Angle
(Relative Wind) 4.77 0

VOTE: The actual data values inputted to the analysis

method for Flight 6B2 are recorded in Annex A, Table A-2.

TABLE I -- Eff'ect of Error Sources During ight 63

(11- _28



ERROR SOURCE STANDARD DEVIATIONS OF ERROR SOURCES (MILS)

Range (Pitch) ( eflection)

Relative Wind 4.6 10.0

Aim Error (Pair

Flights/Known Range) 6.5 7.4

Rocket Dispersion

Pairs 5.8 8.9

Launcher Vibration 1.0 1.0

iJ

TABLE II

(1129_)
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was only a short-range weapon. Not only was the case made

analytically but again the user was heavily involved. In

this case rockets were provided to the user to develop new

Nap-of-the-Earth tactics with rockets at long ranges out to

5000 meters. Supported by the Baseline Accuracy Test,

predictions were confirmed by user testing.

It was a slow process. The results, however, produced a

gradual acceptance among the user community that the previous

reputation of accuracy and short range were gross assumptions

and that a credible data base now existed for further analysis.

This section shows that a project manager can correct,

protect, and develop his systems reputation. The biggest

asset he has in this crusade is hardware. He will have

to demonstrate every claim he makes.
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Requirement Determination

Determining the requirements for the upgraded version of

the existing rocket system was not a simple matter. There was

general agreement between the program office and the user that

the existing system would not satisfy future needs.

The first attempt was to structure the requirement in terms

of an uipgraded system. As this proceeded it became obvious that

the requirement was similar to that of the proposed new system,

which was already receiving advanced development funding.

The decision was made to take the overall threat and form

subdivisions to develop requirements for the individual warheads

of the upgraded rocket system.

This approach offered a number of advantages over a total

upgraded systems approach. First, it was not an obvious duplicat-

ion of a requirement that was already being staffed. Second,

it focused upon particular technological areas. This would

allow for incremental funding of high interest areas. Third,

it allowed the user to establish priorities for his needs. The

result was the formalization of a requirement for a (1) smoke

warhead, (2) bubmunition warhead, (3) illumination warhead,

(4) chaff warhead, (5) light-weight launcher and (6) remotc set

fuzing. (Notet Light-weight launcher and remote uet fuzing were

initially started undp a product improvement program.)

From the Department of the Army's view, this allowed them

to look at both motor technology being developed by the new
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rocket system and warhead technology proposed as an upgrading

of existing system with the possibility of later combining the

technologies.

Requirement Documentation

To establish a documentation strategy for upgrading the

existing system it was necessary to consider the Army development

documentation criteria. The development of a particular strategy

and also required coordination with the Training and Doctrine

Command (TRADOC) and the Army Materiel Command (AMC) in deciding

if the LOA or ROC route was applicable and acceptable.

"The LOA is a document cf record supporting the system

advanced development. It may be prepared also to support non-

system advanced development if the conceptual application to

improved or new system can be adequately defined." ( 1 :2)

"The Required Operational Capability document is the vehicle

for securing the Armj's commitment to pursue full-scale development

and,6r procurement of a system."

To go the ROC route, " The system concept will be developed

and validated jointly by the materiel developer and combat

developer prior to formal commitment by the Army to the need

for the system." ( i2)

A Although any facet of the upgrading program could have

probably been justified for advanced develpment or full scale

development the requirement documentation strategy was actually

dictated by factois over which the program office had no control.

33



The most dominant factor was the existence of the proposed

new system which was being funded with advanced development

funds. The existence of this new system made it impossible

for TRADOC to support full scale development approach for

upgrading the existing system. This would have been equivalent

to committing to a preferred approach for future air-to-ground

rockets.

As far as the Army Mate'iel Command (AMC) was concerned,

the driving aspect was the development status of aircraft fire

control program and that of the Advanced Attack Helicopter (AAH).

Their position was that there was no need to rush into full scale

rocket development if the finished ?rodvct would sit on the shelf

waiting for the fire control and LAH programs to be completed.

Also, to conduct the operational testing of the upgraded rocket

system or the proposed new system,a prototype fire control

system was a minimum requirement. Thus AMC vould only support

warhead advanced development.

Third, but not the least, was a joint review by the project

manager, TRADOC and AiC of the projected advanced and full scale

development funds being allocated by Army for aircraft weaponiza-

tion. This review revealed at that time that there would nit

be sufficient advanced development funds to support the pro-

gram. Due to the priority of this non-major program there

was no justification for requesting additional funds.
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To overcome these hurdles a strategy was jointly develop-

ed which would allow the light weight launcher and remote set

fuzing efforts to be structured and documented for full scale

development. This was because the light weight launcher and

fuze could be used with the existing rocket configuration as

well as an upgraded version of the system and the new system.

The warheads were to be structured and documented for advanced

development.

ouch an approach did not commit AMC or TRADOC to a pre-

mature selection regarding a new or upgraded system. It

was compatible with fire control and AAH developments. The

strategy was also compatible with the projected funding

profilas should upgrading be adopted. Another reason for

TRADOC's refusal to consider full scale development for

the warheads was that they were required to support full scale

dev, lopment decisions with a Cost and Operational Effective-

ness, Analysis (COEA). This was not done when there was

sufficient data available. The COEA will be addressed more

fully under "Systems Analysis."

From the above it can be seen that in upgrading a system

a project manager is not only concerned with a requirement

but the type of do.cument strategy is vitally important.

Advocacqy

Advocacy has been raised because of the numerous ways in

which a project manager can create an image of !.imself and the

project.
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A Project Manager must avoid creating an impression that

he is motivated by vested interests. As in any case a project

manager adopts a basic position or premise around which he

f ~. advocates his system. The basic assumption is that if the

project manager does not advocate his own program neither

will anyone else.

In this situation a number of advocate roles were

possible to adopt. The project manager could structure his

advocacy around identification with the basic rocket system.

In effect he would be highlighting the upgrading of the system

thereby facing the issue on the entire system.

This approach was very rapidly rejected. It would

require that attention be focused on the good and bad parts

of the rocket system. As has been pointed out the user

community appeared to be zignificantly biased against the

antiquated rocket. Strong identification with the existing

rocket would only lead to the opinion of a better antique.

On the laboratory side of the house a similar situation6L
existed. Development engineers had strong feelings against

being intimately associated with an old system. To top it

all off, the entire system was not being totally reconfigured,

therefore, why force attention to the remaining segments

as well as the new ones.

Close identification would also raise the issues of past

reputations and apparent limitations. It has been seen that
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the reputation was perceived in many wayb the majority of

which were not favorable. The proposed upgrading efforts

would be difficult enough to support without interjecting

inappropriate impressions. Thus it was important that associ-

ation with the old rocket be minimized. (Notes Advocacy

strategy was being formulated prior to completion of the

Baseline Accuracy Test) Another approach would be to attempt

to advocate the upgrading program as being equivalent to a

totally new item which includes the latest technology. If

the user and laboratories were associated with the program

in this context, they would be more likely be more

responsive. Their responsiveness would tend to stem from an

apparent deep desire for new weapons.

Deputy Secretary of Defense Packard touched on this

subject in the 1970 House Hearings on Policy Changes in

Weapon _-stem Procurement. "Both the user and the developer

are anxious to develop the new weapon ar they have great incen-

tive to underestimate the cost so that the project will be

approved." ( 8:7)

Laboratories in particular are anxious to identify with

a new program and new technology for this has a direct bearing

upon the funds which they receive. However, development of

all elements of a system has been criticized in Congress.

The emphasis on developing all elements for
a system as part of a single cevelopment project...
causes the accumulation in one program of a danger-
ously high maimnitude of risk, from both cost and
technology standpoints..." (13 :6)
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This approach posed the problem of completely losing

connection with the existing system. Such a possibility was

not acceptable. The existing system did have an excellent

reputation regarding cost control, delivery, and reliability.

A production base also exists. These attributes could not

be sacrificed.

The approach that was selected could be considered a

middle of the road approach. This middle of the road approach how-

ever, which was the cost accumte indication of what was transpiring.

The project manager would not advocate the system rather

be took the position of advocating warhead technology combined

with aircraft fire control technology. The rocket system in

effect would be the delivery vehicle; the link between these

technologies.

He thus became the advocate of technology prudently

applied. In all modesty he could point to significant

warhead technology advancements for air-to-ground rocketry.

In fact some breakthroughs were achieved. The multL-purpose

submunition warhead represents such a breakthrough in that

delivery of munitions into a target area becomes insensitive

to aircraft pitch errors at launch (Figure 2 ).

O.B. Butler, Vice Chairman of the Board of the Proctor

and Gamble Company succintly stated the benefits of prudent-

ly applied R&D. "Many small incremental product and process

improvements with a major breakthrough now and then are the

R&D goals for sustained success in the market place., ( 2:7 )
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Such a strategy ',.s compatible with the user's and labora-

tory's desires to seek newness. There was not a total loss

of the positive attributes of the existing system. In

addition advocating the program in this manner was in concert

with issues raised during Congressional testimony:

If more emphasis and direction is given to
the advancement of the technological base, then
the flow of technology would come (into) com-
ponent and subsystem development developments and
subsequently into new systems development or modifi-
cation of existing systems... (13 :7)

I would also recommend a return to our former
practice of developing components such as armament
or engines which would be available off-the-shelf
for different programs. Our recent prautice of
making new engines, radar, guns, and similar
equipment new for every different weapon system
leads to extreme costs and lengthy development
time. ( 13 : 37)

This advocacy position has met with a great deal of

succ3ess. Recipients of briefings structured on this basis

clearly understood what was transpiring. Most of all,

however, the project manager and his entire staff are regard-

ed without exception as an extremely credible organization.

This case has shown tha:. in a situation of attempting to

upgrade a system, advocacy becomes a sensitive issue and must

be specifically addressed. Whereas, for a new system, the

advocacy role is not such a subtle issue.

SY3T:.o ANALY:3IS

As stated in the previous section, the project office

quickly recognized that systems analysis of free flight
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aerial rockets lacked the sophistication required to provide

a sound data base of decision making. The methodology was

correct from a rocket engineering point of view but was be-

lieved to be insufficient from an operational viewpoint.

The Baseline Accuracy Test had established the validity

of needing to consider more than just the rocket in the analy-

sis. The refined methodology, however had to be interjected

into the decision-making cycle in a manner that would cause

the upgrading of the existing system to receive consideration

for full scale development.

Reviewing the decision-making process it-was seen that

TRADOC's Cost and Operational Effectiveness Analysis (COEA)

would be the most effective vehicle.

Cost and Operational Effectiv'ness Analysis --
A COEA is a study which has a purpose of developing
recommended rank orderings of candidate systems
for meeting an approved requirement based on mean-
ingful relationships between cost and operational
effectiveness. A COEA can be defined as a docu-
mented investigation of: comparative efiectiveness
of alternative means of meeting a requirement for
eliminating or reducing a force or mission deficiency;
the validity of the requirement in a scenario which
has approval of HQ TRADOC and HQDA; and tho cost of
developing, producing, distributing, and sustaining
each alternative in a military environment for a
time preceding the combat application. (14 :3)

The COEA route was selected for a number of reasons.

First, one of tha main objectives of the COEA as cited in

TRADOC Reg 11-8 is "all feasible competing systems including

those currently in use and those that can result from their modifi-

cation or product improvement have been compared and that the
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changes permitted or made necessary in supporting element

of the force due to the introduction of the alternative systems

have been identified and considered." ( 14:2 )

The policy for the COEA also assures that there is an

integration of operational stenarios and considerations through-

out the analysis.

Another most significant factor in the COEA process is

that all interested parties are involved in the planning and

preparation of the analysis. Prior to the analysis they
concur with the scenario, input data (both technical and cost),

methodology and constraints. This assures that there will be

minimal criticism of the results. Charges of bias are eli-

minated. The overall objective is to provide the decision

makers within TRADOC with an objective assessment of weapon

systems in terms of performance, cost, and operational

considerations.

TRADOC used the COEA as the primary document in their

ROC decision making process. Supported by the Army Materiel

Systems Analysis Age:zy (AISAA), the project manager convinced

the CG of TRADOC that the COEA to be done on the proposed

new rocket system for entry to full scale development should

also include the upgraded version of the existing rocket

system.

The direct approach to the CG of TRADOC was considered

essential because the new rocket system was rapidly completing
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advanced development, and was preparing for its COEA. If

the upgraded version of the existing system was not included

--. and TRADOC decided to proceed with the new system it would be

all but impossible to reverse the decision.

The comparative analysis was conducted. However, it was

not limited to just comparing the new system to the existing
and upgraded rocket systems. It compared the intermingling

of warhead and motor technologies of the upgraded and new

rocket systems. These were also compared with varing levels

of fire control performance. Although on an individual rocket

to rocket basis the new rocket was about two times as effective

as the existing rocket, an aircraft could only carry half the

number of new rockets as compared to the existing or upgraded

versions of the existing rocket system.

Overall, the results of the COEA supported the upgraded

version of the existing rocket system. There were a few

configuration and target situations in which the new system

was better but these were by no means dominant.

From an affordability standpoint the analysis highlighted

the fact that it was more cost effective to train pilots and

keep them proficient by using the upgraded system. The

1-. consequences were that TRADOC decided to approve the upgraded
version of the existing system based almost exclusively on

their systems analysis known as the COEA.
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SECTION V

" CONCLUSIONS
*

It must ba remembered that the foregoing discussion was

concerned with a non-major project. The correlation of the

problems and conclusion to major programs cannot be assumed.

There was no attempt to include any consideration of similar

situations without other services.

Primarily from personal experience supplemented with

various readings, the following conclusions/opinions were

formed regarding the difficulties in trying to upgrade an

existing system which is faced with a competing new system.

1. Basic Army policy supports exploitation of unrealized

growth with4.n existing systems.

2. Advancement of technology is essential to the Army's

evolutionary development policy.

3. There exists an inherent desire for the newest system

possible especially by the user and laboratories.

4. Subjectivity is a greater obstacle to upgrading

a system than it may be in initiating a new system.

5. Factors such as advocacy which are regarded as an

asset when associated with a new system can be counterproductive

when associated with syrtem upgrading if not tailored to the

situation.

6. As always but especially when trying to promote the

upgrading of his system, credibility and openness are a PM's

greatest assets.



A projecv manager must keep abreast of advancing

technology and take the initiative to devclop the evolutionary

.. potential of his system.

8, Systems analysis due to its key role in the decision

making process cannot be compromised with the x'5e of over-

simplified assumptions.

9. The creation of the COEA concept by the Army

is a significant advantage to the decision making process

in that it allows f~r maximizii.g the exploration of alternate

approaches to satisfying a requirement, i.e., competition

can be maintained at a highly visible level until full scale

development.

10. The Army's COEA is in effect the last opportunity

available to interject a competitive system into the decision

making process.

11. The COEA offers the potential of acting on an excellent

control function in a manner similar to that of independent

testing in tne systems acquisition process.
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SECTION VI

RECOMMENDATIONS

On the presumption that there is an active initiative

to significantly upgrade existing systems as opposed to

proliferate new systems the following recommendations are

offered. The recommendations assume that an upgraded system

would fulfill requirements as well as a completely new system

otherwise the new system should be pursued.

1. Since laboratories are usually the springboard of

new ideas,a means of incentivizing these laboratories may be
worthwhile pursuing to stimulate their activities to prudently

apply technology to upgrading systems.

2. Long range planning documents which forecast the

phaseout of existing sy' ,tems id introduction of new systems

* should be required to include justification of the new system

S in terms of old system deficiencies as well as defining what

has been considered to upgrade the existing system.

3. Challenges to systems which have not entered full

scale development should be encouraged.

4. In the decision-making process proponents/custodians

of existing systems should concur in the inability of their

system to be upgraded to meet new requirements.

5. Project managers within their charter could be held

accountable for initiating prudent and continuing efforts to

provide the maximum exploitation of his system.
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6. The acquisition cycle should formally recognize the

upgrading process in a manner that would give it equal rigor

*. to existing acquisition phases.

7. Early in the acquisition cycle systems analysis

methodology should reflect operational environments and con-

straints as accurately as possible.
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